Introduction
The estimation of citrate by the most common colorimetric method, involving oxidation to pentabromacetone and the reaction of this with thiourea, suffers from the disadvantages that it is non-specific and time consuming (Stern, 1957) . More specific enzymic procedures have been described by Siebert (1963) , Dagley (1963) and Moellering and Gruber (1966) . Siebert's method is of limited value due to the instability of the aconitase preparations used. Dagley's method employs cell free extracts of Aerobacter aerogenes, anaerobically grown on citrate, which contain citrate lyase (citrate oxaloacetate lyaseEC4.1.3.6.) and oxaloacetate decarboxylase (oxaloacetate carboxy-lyase EC 4.1.1.3.) which together convert citrate to pyruvate which is then assayed by lactate dehydrogenase (EC 1.1.1.27.) and reduced nicotinamide adenine dinucleotide (NADH). However, the conversion to pyruvate may not be quantitative because of the instability of the oxaloacetate decarboxylase and the uncertainty that this enzyme is present in excess. This disadvantage was overcome by Moellering and Gruber who used a purer form of citrate lyase, and included malate dehydrogenase (EC 1.1.1.37.) for the direct assay of oxaloacetate. The automated system described in this paper, although similar to that of Moellering and Gruber has several differences, the reasons for which are discussed later.
MATERIAL AND METHODS

Reagents
Buffer 1: 0.1 M triethanolamine hydrochloride, pH 7.8, containing; magnesium chloride, 3 mM, and disodium salt of ethylene-diamine tetra-acetic acid (EDTA) 0.4 mM. The result is expressed in international units (I. V.) per ml., where one LV. is equivalent to the activity of enzyme which will oxidise the p.. mole of NADH per minute, under the above conditions.
Method
The estimation of citrate is based upon the same reactions as the estimation of citrate lyase activity, but the enzyme is in excess, and the concentration of citrate is the limiting factor of the reactions.
A Technicon AutoAnalyzer (Technicon Instruments Ltd., Chertsey, Surrey) was used in this method, and the general arrangement follows standard AutoAnalyzer practice (AutoAnalyzer technical manuals 1962), and is set out in Figure 1 . The MDH and NADH solutions are mixed with buffer 1 in a double mixing coil type 116-104-7, the urine sample is added at the central capillary inlet and mixed with the MDH-NADH-buffer 1 mixture for the second half of the coil. The citrate lyase is added through the capillary inlet at the end of this coil, and is mixed with the other reactants, in a double mixing coil. The mixture is led to a water bath at 37°where the reactions occur, and thence to a phototube colorimeter, fitted with 15 mm. tubular flow-cell to be read at 340 mp..
There is one departure from standard practice in that the input to the recorder is reversed. This is carried out in the following manner. Buffer 1 is pumped through all tubes, with the exception of the sample tube which is supplied with water and the colorimeter is set up to obey Beer's law in the standard manner. The input is then reversed and the MDH and NADH solutions are pumped through their respective tubes. The recorder is then set to zero with completely unoxidised NADH in the system. This enables the optical density change due to the citrate present to be read directly from the recorder chart, since the decrease in optical density due to the oxidation of NADH becomes an apparent increase.
After the baseline has been set to zero the citrate lyase is pumped into the system for approximately two minutes after which time the sample is taken.
The system is capable of estimating citrate concentrations of 0 to 125 mg./IOO rnl., at the rate of 25 estimations per hour. This rate is obtained by using a 50 per hour cam with a sample to wash ratio of 1 : 1 and filling alternate cups on the sampler with distilled water, giving a final sample to wash ratio of 1 : 3.
Results
Since trisodium citrate solutions are used for the standards, all results are expressed as mg. of trisodium citrate per 100 ml, A typical calibration curve is shown in Figure 2 .
The repeatability of the method was checked in two ways. Firstly by estimating the same sample 30 times, this gave a mean value of 63 mg./IOO ml.
with a standard deviation of ± 1.5.
In the second check 5 samples, selected to cover most of the normal range, were estimated five times each, and means and standard deviations calculated. These are shown in Table 1 . 
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The specificity of the method was checked by adding known amounts of trisodium citrate to aliquots of urine and estimating the citrate content of both the urine and the urine with added trisodium citrate. Calculating the recovery as a percentage of the expected result gave an overall recovery rate of 98.8 %. The individual results are summarised in Tables II and III . In Table II varying levels of trisodium citrate are added to the same urine and in Table III varying levels of trisodium citrate are added to five different urines.
The validity of the results obtained by this automated method was verified by comparing results obtained on eight urines by this and the colorimetric method of Stern (1957) . These results are shown in Table IV . The difference in the results obtained by both methods is not significant (P > 0.6).
There were three minor departures from the colorimetric technique described by Stern (1957) . These were the use of a Unicam SP 600 spectrophotometer (Unicam Instruments Ltd., Cambridge), silica cuvettes of 1 em, light path, and trisodium citrate solutions as standards.
DISCUSSION
The major problem to be overcome when attempting to estimate citrate in urine using citrate lyase is that urine contains appreciable quantities of calcium ions (Sunderman and Boerner, 1949) , which inhibit the activation of the enzyme by other metal ions (Dagley and Dawes, 1955) .
To overcome this inhibiting effect EDTA is included in buffer 1. This removes Ca++ as a complex, but prevents the use of Zn++ as an activator, as described by Moellering and Gruber (1966) , because the stability constant for the Zrr':" EDTA complex is higher than that of Ca++ EDTA complex (16.1 and 10.6 respectively) (West and Sykes, 1960) . It follows, therefore, that the activating ion must either not form a complex with EDTA, or have a stability constant, for its EDTA complex, lower than that of calcium. Barium, strontium and magnesium all fulfill this latter condition (having stability constants of 7.8, 8.6 and 8.7 respectively) (West and Sykes, 1960) but, of these, only magnesium will activate citrate lyase (Daron and Gunslaus, 1957) and for these reasons Mg++ is used as the activator in this method.
The fact that citrate lyase is rapidly inactivated by incubation with Mg++ and citrate , has no effect upon the accuracy of the method. This inactivation has been found to occur only while the enzyme is catalysing citrate cleavage, and when all the citrate is converted to oxaloacetate and acetate, no further inactivation of the enzyme occurs as the oxaloacetate, which inhibits the enzyme, is reduced by the malate dehydrogenase present. One method of illustrating this, was to aspirate the highest standard (125 mg./ 100 ml.) continuously through the sample line and collect aliquots of the effluent from the flow-cell. The optical density of these aliquots was then measured using silica cuvettes in a Unicam SP 600 spectrophotometer, under the conditions described for the estimation of citrate lyase activity. Citrate was then added to the cuvette and a decrease in the optical density was observed, indicating that active citrate lyase was still present.
Since the mean recovery of added citrate is of the order of 99 %and the calibration curve is a straight line passing through the origin (Fig. 2) it is a fair assumption that very little, if any, of the oxaloacetate formed is decarboxylated to pyruvate. It is, therefore, unnecessary to include lactate dehydrogenase in the assay mixture.
This method has proved to be a simple, reliable and rapid method for the estimation of citrate, particularly when large numbers of specimens have to be assayed, and although primarily designed for the estimation of urinary citrate there is no reason to suppose that it may not be used for other biological fluids of similar citrate concentrations.
